The objective of this study is to mapping of fluoride endemic areas of main blocks of Rae Bareli district, India. The fluoride level in drinking water is estimated through fluoride ion selective electrode method. Google earth and isopleths technique were used for mapping of fluoride endemic areas. From the study, it is observed that Dalmau and Amawa blocks of Rae Bareli district in Uttar Pradesh are highly fluoride endemic. About 80% of villages in these blocks have fluoride level more than the prescribed permissible limit in drinking water. Due to fluorosis, health risks in Dalmau and Amawa blocks have become evident. From the results, the people in Dalmau and Amawa blocks are advised to consume drinking water with fluoride level less than 1 mg/L. It has been recommended to the government authorities to take serious steps in supplying drinking water with low fluoride concentration for the fluoride affected villages.
Introduction
Fluoride is widely dispersed in nature and is estimated to be the 13 th most abundant element on our planet 1 . Fluoride ion in drinking water is known for both beneficial and detrimental effects on health. The World Health Organization and Indian Council of Medical Research described the drinking water quality guideline value [2] [3] for fluoride is 1.5 mg/L. Abnormal level of fluoride in water is common in fractured hard rock zone with pegmatite veins 4 . Fluoride ions from these minerals leach into the groundwater and contribute to high fluoride concentrations [5] [6] [7] . The prevalence of fluorosis is mainly due to the intake of large quantities of fluoride through drinking water is reported in many states of India [8] [9] [10] [11] [12] . The bioavailability of soluble fluoride ingested with water was nearly 100%, because soluble fluoride in drinking water was easily absorbed by the gastrointestinal tract without intervention of interfering elements such as Ca, Mg and Al [14] [15] [16] [17] [18] [19] . So, water fluoride level is a primary factor for the cause of fluorosis. Fluorosis is a slow, progressive, crippling malady, which affects every organ, tissue and cell in the body and results in health complaint having overlapping manifestations with several other diseases. The primary adverse effects associated with chronic, excess fluoride intake are dental and skeletal fluorosis 20 . It also adversely affects the foetal cerebral function
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and neurotransmitters [21] [22] [23] . Reduced intelligence in children is associated with exposure to high fluoride levels in food and drinking water [24] [25] [26] . The global prevalence of fluorosis is reported 27 to be about 32%. In India, around 20 million people were severely affected by fluorosis and around 40 millions are exposed to its risk 28 . The number of people getting affected, the number of villages, blocks, districts and states endemic for fluorosis have been steadily increasing ever since the disease was discovered in India during 1930s. The reason for the increase in the disease incidence and the sizeable number of locations being identified as endemic zones for fluorosis is due to overgrowth of population, necessitating more and more water, indiscriminate digging of tube wells, resorting to the use of hand pump water, unawareness regarding the importance of checking water quality, specially for fluoride and due to water shortage. Agencies responsible for water supply resort to pumping water from open wells and tube wells to overhead tanks and supply groundwater to residents and invariably such sources are not tested for fluoride 20 .
Based on the extensively documented relationship between caries experience and both water fluoride concentration and fluoride intake, the adequate intake and recommended dietary allowance for fluoride from all sources is set at 0.05 mg/kg/day. This intake range is recommended for all ages greater than 6 months, because it confers a high level of protection against dental caries and is associated with no known unwanted health effects. Agencies also set the adequate intake level for infants below 6 months at 0.01 mg/kg/day.
Most of the people in the villages of Dalmau and Amawa blocks of Rae Bareli district ( Figure 1 ) have severe dental fluorosis. In order to find out the extent of fluoride contamination in drinking water and to find out the fluoride exposure dose in Dalmau and Amawa blocks, an extensive study was accomplished by estimating fluoride level in drinking water. Identification of exact geographical location of high fluoride exposed area is much useful to perform remedial measures and is helpful to give awareness about fluorosis to the villagers residing in that particular area. The mapping of fluorotic areas was facilitated by using Google Earth, because it display satellite images of most inhabited regions of Earth, allowing users to visually see the exact location with geographical information. 
Experimental
Groundwater sample were collected from tube wells and hand pumps from 5 blocks of Rae Bareli district in 500 mL capacity of plastic bottles, pre-washed with detergent, tap water and distilled water. One mL of Conc. HCl was added as a preservative and water was filled to the brim of the bottle without any bubbles. The water was left to run from the source for about 4 min to equate the minimum number of well volume and to stabilize the electrical conductivity 29 .
Reagents and standards
Analytical grade chemicals were used throughout the study without further purification. To prepare all the reagents and calibration standards, deionised water was used. Each sample was analysed thrice.
Methodology
111 samples were collected and analyzed for fluoride level, measured by fluoride ion selective electrode. This method is applicable to the measurement of fluoride in drinking water, groundwater and lightly polluted 9 water in the concentration range of 0.2 to 2000 mg/L. The fluoride concentration in the groundwater sample was determined directly after diluting with equal volume of total ionic strength 10 adjustment buffer (TISAB) of pH 5.2. A buffer solution is added to the standard and sample solution to reduce matrix interferences and ionic strength effects. The instrument was calibrated with standard sodium fluoride solutions so chosen that the concentration of one was ten times the concentration of other so that the concentration of the unknown sample solution was directly read from the digital display of the meter (Figure 2 ).
S lope =-59mV / log unit Table 1 Table 6 . 
Deeh, Sadar and Unchahar block

Mapping of fluoride areas
Based on the results of fluoride level in groundwater samples, a fluoride isopleths map of the region was prepared. Fluoride zones containing high fluoride level in their groundwater were identified and distinguished by different symbols depicting the fluoride level shown in Figure 4 . Google earth satellite images of exact location of fluoride endemic areas were prepared by using Google earth 4.3 betas. 
Conclusion
This study identified that 90% peoples of Dalmau block, 66% peoples of Amawa block and 50% peoples of Deeh block are fluoride affected. In Unchahar block 53% villages have excess fluoride contamination in groundwater. Sadar block of Rae Bareli district has minimum 4% affliction of excess fluoride contamination. High fluoride level in groundwater in above block is due to geological formation. People of all age group are facing risk of fluorosis. The results could help the government of Uttar Pradesh to install defluoridation plants in severely affected villages identified by this study. Mapping bringing safe high fluorotic areas is useful to plan meticulously to bring safe groundwater from low fluoride areas.
